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DESCRIPTION 



LIGHT EMITTING DIODE AND FABRICATION PROCESS THEREFOR 
Technical Field 

The present invention relates to a light emitting diode Chereinafter 
may be simply referred to as LED (an abbreviation of Light Emitting Diode)} 
and a fabrication process therefor, and more particularly, to a light emitting 
diode made of a gallium arsenide phosphide GaAs 1 . x P x mixed crystal 
(hereinafter the light emitting diode and GaAs!. x P x may be simply referred to 
as GaAsP LED and GaAsP, respectively) and a fabrication process therefor. 

Background Art 

A light emitting diode made of a gallium arsenide phosphide GaAsj. x P x 
mixed crystal can emit yellow light with a wavelength of 583 nm (x = 0.90), 
orange light with a wavelength of 626 nm (x = 0.65), red light with a 
wavelength of 648 nm (x = 0.50) or the like by changing a bandgap width 
through varying a mixed crystal ratio (x) and has been employed as a light 
source for a display device and so on. 

In general, an LED is required to have high luminous intensity. A 
light emission efficiency of the LED is determined by an internal quantum 
efficiency and a light extraction efficiency. Since the internal quantum 
efficiency is determined by composition of materials of which the LED is made, 
in order to increase the fight emission efficiency, the light extraction efficiency 
is necessarily increased by suppressing a loss due to optical absorption in the 



interior of the LED and a loss of light that cannot be extracted to the outside 
by total reflection at an interface between a light emitting surface and the air. 

In order to increase the light extraction efficiency, there have been 
known processes in which a semiconductor wafer having a p-n junction is cut 
into pellets in a discrete state and surfaces of the pellets are roughened 
(Japanese Patent Laid-open Publication Nos. 4-354382 and 6-151959 and 
others). It is assumed that when the pellet surfaces are roughened, since a 
probability of total reflection of emitted light at an interface between the light 
emitting surface and the air decreases, the light extraction efficiency may be 
increased. 

Surface roughening of a pellet can be simply effected by wet etching. 
For example, in case of a gallium phosphide GaP pellet, surfaces of the pellet 
can be roughened by etching them with an aqueous solution of hydrochloric 
acid, that is, HC1 (Japanese Patent Laid-open Publication No. 4-354382). 
Further, in case of surface roughening of an AlGaAs mixed crystal, 
hydrofluoric acid (Japanese Patent Laid-open Publication No. 6-151959) and a 
mixed solution of nitric acid : sulfuric acid = 95 : 5 (Japanese Patent Laid-open 
Publicaton No. 10-200156) are effective. 

In case of a gallium arsenide phosphide GaAsP mixed crystal, however, 
there has been no success in developing an etching solution suitable for 
roughening a major front surface of a pellet thereof and as shown in FIG. 6 the 
major front surface 46 of the pellet 40 of a GaAsP mixed crystal remains in a 
mirror state. 

The pellet 40 of a GaAsP mixed crystal is produced by for example a 
process wherein an n-type GaP epitaxial layer 42, an n-type GaAs^P,, mixed 
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crystal ratio variable layer 43 in which the mixed crystal ratio varies, a 
nitrogen doped n-type GaAs^P,, mixed crystal ratio constant layers 44 and 45 
are sequentially deposited on an n-type GaP single crystal substrate 41; 
thereafter, zinc Zn is diffused through the surface of the GaAs lx P x mixed 
crystal ratio constant layer 45 to invert a conductivity thereof to p-type and 
form a p-n junction at the boundary between the mixed crystal ratio constant 
layers 44 and 45; subsequently, gold alloy is vacuum evaporated on the major 
front and rear surfaces 46 and 47 to form a p-side electrode 51 and an n-side 
electrode 52, respectively; and finally the resultant product is cut in the form 
of chips by dicing. 

In FIG. 6, reference numerals 48a and 48b indicate side surfaces of the 
pellet which are formed as cut faces almost normal to the major front surface 
46 when the pellet is fabricated in the form of chips by dicing. The pellet has 
further two side surfaces in addition to the side surfaces 48a and 48b shown in 
FIG. 6. 

The present inventors have conducted serious studies in order to 
develop an etching solution for roughening of at least a major front surface of 
a GaAsP mixed crystal and as a result, made a finding that an aqueous 
solution including bromine Br 2 or iodine I 2 is preferable as the etching solution. 
The present invention has been completed through various experiments using 
such an etching solution. 

It is an object of the present invention to provide a light emitting diode 
(GaAsP LED) made of a gallium arsenide phosphide GaAsP mixed crystal 
which has luminous intensity greatly improved as compared with a 
conventional one, and a fabrication process therefor. 
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Disclosure of the Invention 

In order to solve the above problem, according to the present invention, 
there is provided a light emitting diode comprising a pellet a major front 
surface of which is made of a GaAsP mixed crystal, characterized in that the 
major front surface is a rough surface. 

In the case where side surfaces of the pellet are rough surfaces, a 
higher light extraction efficiency can be achieved. The rough surface is 
preferably formed with fine projections having a diameter in a range of from 
0.3 |Lim to 3 fim. 

A fabrication process for a light emitting diode having a pellet a major 
front surface of which is made of a GaAsP mixed crystal according to the 
present invention is characterized in that the pellet is treated with an etching 
solution of an aqueous solution containing Br 2 or I 2 to form fine projections on 
at least the major front surface of the pellet. 

The etching solution is preferably an aqueous solution further 
containing nitric acid, hydrofluoxic acid and acetic acid in addition to Br 2 or I 2 . 
The etching solution preferably contains 40 to 80 parts of nitric acid, 40 to 300 
parts of hydrofluoric acid and 400 to 2000 parts of acetic acid based on 1 part 
of Br 2 or I 2 in a molar ratio. 

Brief Description of the Drawings 

FIG. 1 is a schematic sectional view showing a major front surface and 
side surfaces of a pellet for a light emitting diode of the preset invention. 

FIG. 2 is a view illustrating angles of light beams getting to a light 
emitting surface, and light transmission and reflection states, where FIG. 



2(A) shows the light transmission state and FIG. 2(B) shows the light 
reflection state, respectively. 

FIG. 3 is a view illustrating angles of light beams getting to a light 
emitting surface with fine projections, and light transmission and reflection 
states, wherein FIG. 3(A) shows a case where a diameter of the projection is in 
a range of from 0.3 \im to 3 [im, FIG. 3(B) shows a case where a diameter of 
the projection is more than 3 (xm and FIG. 3(C) shows a case where a diameter 
of the projection is less than 0.3 fxm. 

FIG. 4 is a flow chart showing procedures of a fabrication process for a 
light emitting diode of the present invention. 

FIG. 5 is a view showing an embodiment of a light emitting diode. 

FIG. 6 is a schematic sectional view showing a major front surface and 
side surfaces of a pellet for a conventional light emitting diode. 

Best Mode for Carrying out the Invention 

Detailed description will be given of a light emitting diode according 
to the present invention and of a fabrication process therefor below with 
reference to the accompanying drawings. It should be understood that 
embodiments are exemplarily shown and various modifications and 
alterations may be carried out without departing from the technical idea of 
the present invention. 

FIG. 1 is a schematic sectional view showing a pellet 20 of a light 
emitting diode made of gallium arsenide phosphide of the present invention, 
which may be referred to as GaAsP pellet. 

A major front surface 6 made of a GaAsP mixed crystal, as shown in 
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FIG. 1, is changed to a rough surface with fine projections by wet etching in 
order to improve a light extraction efficiency, and the etching conditions are 
adjusted so that a diameter of the projection of the rough surface is in a range 
of from 0.3 \im to 3 \.im. 

Light emitted from the gallium arsenide phosphide GaAsP mixed 
crystal has wavelengths of around 600 nm ranging from about 580 nm of 
yellow to about 650 nm of red at a peak wavelength. When the fine 
projections of the major front surface 6 of the pellet 20 is adjusted so as to be 
in a range of from 0.3 (Ltm to 3 ^im, a probability of total reflection of light 
decreases satisfactorily, thereby improving a light extraction efficiency. 

More detailed description will be given of a light extraction efficiency. 
As described above, in order to obtain a high luminous intensity, it is 
necessary that the light extraction efficiency is improved by reducing a ratio of 
emitted light being not extracted to the outside due to total reflection at an 
interface between the light emitting surface and the air. 

Since at a wavelength in the vicinity of 600 nm, the refractive index 
(n) of GaP is about 3.3 and the refractive index (n) of GaAs is about 3.8, the 
refractive index (n) of GaAsP, which is a mixed crystal thereof, is in a range of 
from about 3.3 to about 3.8. In the case where a light beam is transmitted 
into the air of a refractive index = 1 from a medium having such a high 
refractive index (n), a critical angle of total reflection 6 is expressed by the 
following equation: 
8 = sin 1 (l/n) 

Accordingly, in a case of GaAsP having a refractive index (n) = about 3.3 to 
about 3.8, there is given a critical angle of total reflection 6 = about 15° to 
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about 18° . 

That is, when a light emitting surface is a plane surface as shown in 
FIG. 2, there is emitted into the air only light getting to the interface at an 
angle nearly normal thereto and less than the critical angle of total reflection 
9 CFIG. 2(A)} , while light getting to the interface at an angle larger than the 
critical angle of total reflection 0 is totally reflected into the interior of the 
crystal and eventually absorbed therein CFIG. 2(B)} . 

Therefore, the interface between the light emitting surface and the 
air is changed to a rough surface by wet etching so as to form fine projections, 
but not a plane surface. When fine projections are formed on the interface, 
as shown in FIG. 3(A), there exist locally convex surfaces smaller than the 
critical angle of total reflection 9, so light getting to the interface at an angle 
larger than the critical angle of total reflection 6 can transmit into the air 
through the convex surfaces CFIG. 3(A)} . 

In case of a GaAsP mixed crystal, the fine projections may preferably 
have a diameter in a range of from 0.3 \im to 3 CFIG. 3(A)} . If the 
diameter thereof is larger than 3 [Lim, the projection surface to the light 
wavelength is so gentle as to locally work as a mirror surface CFIG. 3(B)} . To 
the contrary, if the diameter thereof is smaller than 0.3 |xm, the projection 
level to the light wavelength is so small as to become substantially a mirror 
surface CFIG. 3(C)} . The term "a diameter of a fine projection" used in the 
present invention means a length from the foot of a projection to the foot of the 
next projection as shown in FIG. 3. While, in FIG 3, fine projections on the 
interface are drawn as a series of semi-spherical projections, it may be 
sufficient for projections of arc-like sectional shapes to be formed densely. 




In FIG. 1, when there are formed rough surfaces having fine 
projections in a range of from 0.3 (iim to 3 \im on not only the major front 
surface 6 but side surfaces 8 of the pellet (8a, 8b and other two sides being 
further included, not shown in FIG. 1), a light extraction efficiency is further 
improved. 

Then, description will be given of a fabrication process for a light 
emitting diode according to the present invention using FIG. 4. 

First, an n-type GaP epitaxial layer 2, an n-type GaASi. x P x mbced 
crystal ratio variable layer 3, in which the mixed crystal ratio varies, a 
nitrogen doped n-type GaAs lx P x mixed crystal ratio constant layers 4 and 5 
are sequentially deposited on an n-type GaP single crystal substrate 1 a major 
front surface of which has a (100) orientation, and thereafter, zinc Zn is 
diffused through the surface of the GaAs^P,, mixed crystal ratio constant 
layer 5 to invert a conductivity thereof to p-type and obtain a GaAsP epitaxial 
wafer 10 with a p-n junction at the boundary between the mixed crystal ratio 
constant layers 4 and 5 Cstep (A)} - 

Subsequently, gold alloy is vacuum evaporated on the major front 
and rear surfaces 6 and 7 to form a p-side electrode 11 and an n-side electrode 
12, respectively Cstep (B)) . Then, the GaAsP epitaxial wafer 10 is put on a 
adhesive tape 13 so as to cover the n-side electrode 12 and the GaAsP 
epitaxial wafer 10 is cut into pellets 20 each of 0.3 mm x 0.3 mm square by 
dicing Cstep (C)D . 

Further, the cut pellet 20 is subjected to etching by the use of a first 
etching solution composed of 96 % sulfuric acid H 2 S0 4 : 32 % hydrogen 
peroxide H 2 0 2 : water H 2 0 = 3 : 1 : 1 in a volume ratio for 2 minutes to remove 



mechanical damage induced by dicing Cstep (D)3 . 

Furthermore, the pellet 20 is subjected to a second etching solution 
of an aqueous solution containing bromine Br 2 or iodine I 2 in order to form fine 
projections in a range of from 0.3 |nm to 3 (iim on the major front surface 6 and 
the side surfaces 8a and 8b of the pellet 20 Cstep (F)D . The aqueous solution 
containing Br 2 or I 2 has not been employed conventionally for surface 
roughening treatment of a GaAsP mixed crystal. In this etching, the major 
rear surface 7 of the pellet 20 is covered with the adhesive tape 13 to protect 
the surface from the second etching solution so as not to be roughened. A 
major rear surface 7 preferably has a mirror surface rather than a rough 
surface because of increase in a light extraction efficiency due to the fact that 
light can not escape through the major rear surface 7. 

Describing in a more concrete manner, the second etching solution of 
an aqueous solution containing in addition to Br 2 or I 2 , 40 to 80 parts of nitric 
acid HN0 3 , 40 to 300 parts of hydrofluoric acid HF and 400 to 2000 parts of 
acetic acid CH 3 COOH based on 1 part of Br 2 or I 2 in a molar ratio is prepared 
and thereafter, the major front surface 6, side surfaces 8a and 8b and so on of 
the GaAsP pellet 20 are treated with the second etching solution for a 
predetermined time to form rough surfaces having fine projections in a range 
of from 0.3 to 3 [im. An optimum etching time varies to some extent 
according to a mixed crystal ratio of GaAsP and composition of the etching 
solution. Since the second etching solution roughens not only a GaAsP mixed 
crystal but GaP partly exposed on the side surfaces of the pellet 20 as well, all 
of the major front surface 6, side surfaces 8a and 8b and so on exposed to the 
second etching solution are changed to rough surfaces. 



Description will be given, taking up further concrete examples, of 
conditions of etching according to the present invention and luminous 
intensity of a light emitting diode whose pellet is made of a GaAsP mixed 
crystal having fine surface projections formed by the etching. The following 
examples are shown for exemplary purposes and as a matter of course should 
not be construed as restrictive. 
(Example 1) 

A GaAsP pellet 20 a major front surface of which has a (100) 
orientation was etched with a first etching solution composed of 96 % sulfuric 
acid H 2 S0 4 : 32 % hydrogen peroxide H 2 0 2 : water H 2 0 = 3:1: 1 in a volume 
ratio for 2 minutes CFIG. 4(D)} to remove mechanical damage induced by 
dicing and further etched with a second etching solution of an aqueous 
solution containing 60 parts of nitric acid, 200 parts of hydrofluoric acid and 
800 parts of acetic acid based on 1 part of I 2 in a molar ratio at 30°C for 75 
seconds to form fine projections in a range of from 0.3 ^im to 3 \xm on the major 
front surface 6, side surfaces 8a and 8b and so on of the GaAsP pellet 20 CFIG. 
4(F)) . 

Successively, as shown in FIG. 5, the GaAsP pellet 20 was fixed on a 
stem 34 with silver paste 36 and after wire bonding with gold fine wires 32, 
molded using transparent epoxy resin 38 to fabricate a light emitting diode 
30. 

Then, there was measured luminous intensity of yellow light with a 
wavelength of 580 nm by applying a DC current of 20 mA to the fabricated 
light emitting diode 30 CFIG. 4(G)} . Measurement results of the luminous 
intensity are shown in Table 1 (A). In comparison with Comparative 



Example 1 shown next, the luminous intensity is improved by 88 %. The 
improvement of the luminous intensity means that the light extraction 
efficiency was improved by roughening of surfaces of the pellet 20. 
(Comparative Example 1) 

A light emitting diode 30 was fabricated in the same way as 
Example 1 with the exception that there was not performed etching to form 
fine projections on the major front surface 6 and side surfaces 8a and 8b of a 
GaAsP pellet 20. There was measured luminous intensity by applying a DC 
current of 20 mA to the fabricated light emitting diode 30 and results thereof 
are shown in Table 1(B). 
(Example 2) 

A light emitting diode 30 emitting yellow light with a wavelength of 
586 nm was fabricated in the way similar to Example 1 and luminous 
intensity thereof was measured C Table 1(C) ) . In comparison with 
Comparative Example 2 shown next, the luminous intensity was improved by 
73 %. 

(Comparative Example 2) 

A light emitting diode 30 was fabricated in the same way as 
Example 2 with the exception that there was not performed etching to form 
fine projections on the major front surface 6, side surfaces 8a and 8b and so on 
of a GaAsP pellet 20. There was measured luminous intensity by applying a 
DC current of 20 mA to the fabricated light emitting diode 30 and results 
thereof are shown in Table 1(D). 
(Example 3) 

A light emitting diode 30 emitting yellow-brown light with a 
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wavelength of 605 nm was fabricated in the way similar to Example 1 and 
luminous intensity thereof was measured CTable 1(E)) . In comparison with 
Comparative Example 3 shown next, the luminous intensity was improved by 
73 %. 

(Comparative Example 3) 

A light emitting diode 30 was fabricated in the same way as 
Example 3 with the exception that there was not performed etching to form 
fine projections on the major front surface 6, side surfaces 8a and 8b and so on 
of a GaAsP pellet 20. There was measured luminous intensity by applying a 
DC current of 20 mA to the fabricated light emitting diode 30 and results 
thereof are shown in Table 1(F). 
(Example 4) 

A light emitting diode 30 emitting orange light with a wavelength of 
630 nm was fabricated in the way similar to Example 1 and luminous 
intensity thereof was measured C Table 1(G) ) . In comparison with 
Comparative Example 4 shown next, the luminous intensity was improved by 
51 %. 

(Comparative Example 4) 

A light emitting diode 30 was fabricated in the same way as 
Example 4 with the exception that there was not performed etching to form 
fine projections on the major front surface 6, side surfaces 8a and 8b and so on 
of a GaAsP pellet 20. There was measured luminous intensity by applying a 
DC current of 20 mA to the fabricated light emitting diode 30 and results 
thereof are shown in Table 1(H). 



Table 1 







Emission 
Wavelength 
(run) 


Emission Color 


Luminous 
Intensity 
(mcd) 


Improvement 
of Ixurunous 
Intensity (%) 


(A) 


Example 1 


580 


yellow 


5.41 


88 


(B) 


Comp. Example 1 


580 


yellow 


2.88 


(Q 


Example 2 


586 


yellow 


6.68 


73 


(D) 


Comp. Example 2 


586 


yellow 


3.86 


(E) 


Example 3 


605 


yellow-brown 


4.36 


73 


<F) 


Comp. Example 3 


605 


yellow-brown 


2.52 


(G) 


Example 4 


630 


orange 


4.55 


51 


(H) 


Comp. Example 4 


630 


orange 


3.01 



While iodine I 2 was employed for preparation of the second etching 
solutions in the present Examples, similar results can be obtained when 
bromine Br 2 is employed in the same composition as in the case of iodine I 2 . 

Furthermore, while light emitting diodes emitting yellow, yellow- 
brown and orange light are described in the present Examples, similar results 
can be obtained for a light emitting diode emitting red light. Besides, since 
in the present Examples the surface roughening treatment was applied after 
formation of the p-side electrodes 11 on the major front surfaces 6, the 
surfaces under the p-side electrodes 11 were not changed to rough surfaces, 
but the entire major front surfaces 6 can naturally be roughened when the 
surface roughening treatment is applied prior to formation of the p-side 
electrodes- 



Capability of Exploitation in Industry 

As described above, according to the present invention, a light 
extraction efficiency can be improved by forming fine projections on surfaces 
of a GaAsP pellet through roughening the surfaces and as a result, luminous 
intensity can be improved by about 50 % to about 90 % as compared with a 
conventional one. Further, surface roughening of a major front surface of a 
GaAsP pellet can be achieved by employing an etching solution of an aqueous 
solution containing Br 2 or I 2 . To be more concrete, fine projections on the 
major front surface and side surfaces of the GaAsP pellet 20 can be formed by 
performing surface roughening treatment with an etching solution of an 
aqueous solution further containing nitric acid, hydrofluoric acid and acetic 
acid in addition to Br 2 or I 2 . 



